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Abstract.Fireprescriptionsdevelopedfor thefell-and-burntechniquein theSouthernAppalachian
Mountainscanresult in excessiveerosionwhenusedin thePiedmont. Thedifferencehas been
attributedto thin root mats (F andH forest floor layers) which are entirely consumedby high-
intensitysitepreparationburns. This study examinedlitter layer(L layer)androot mat thickness
acrossthreesuccessionalstagesand threetypesof sites to identify whererootmatsmay bethick
enoughto allow burning. Preliminary indicationsare that root mat thicknessis more closely
relatedto sitetypethansuccessionalstage. A lack of informationis indicatedon therelationship
of moistureto decomposition,root growth, root survival,andlitter deposition.

Introduction

Establishmentof pine-hardwoodmixtures by
the fell-and-burntechnique(Abercrombieand Sims
1987) has proven successful in the Southern
AppalachianMountains. The procedureprovides a
low-cost alternative to expensivesite preparation
necessaryto converthardwoodsto pinemonoculture
(Phillips and Abercrombie 1987). The technique
involves spring felling of residual trees after a
commercialclearcut,summersitepreparationburning,
andplantingpineat wide spacingsto allow hardwood
regrowth. The burn reduces growth of the
competitivehardwoodsproutsallowing pineseedlings
to becomeestablished(Waldrop andothers1989).

The high-intensity burning used in this
techniquehasnot beenshown to causesignificant
erosionin theSouthernAppalachians.VanLear and
Danielovich (1988) found that soil movementon a
mountainsitewasnot significantly increasedbecause
22% oftheroot mat (F andH layers)remainedintact
andmineralsoil wasexposedononly 15%of thesite,
However, in a comparativestudy in the Piedmont,
Van Lear and Kapeluck (1989)showedsoil loss of
207tons/acre/yearwhenburningwasconductedunder
a similar prescriptionand with similar aboveground
fuels. Thedifferencein erosionrateswasattributedto
differencesin thicknessoftheforestfloor. Mountain
sites tendedto haveroot mats that were from 3 to 5
inchesthick beforeburning. Root matsof Piedmont
sites were generally less than 1 inch thick and little
wasleft afterburning. McCrackenandothers(1989)
reportedatootmat that was0.8 inchthick in a virgin
Piedmontforest.

Successful application of the fell-and-burn
techniquein the Piedmont will likely be limited to
only thosesites where the root mat is thick enough
that it is not entirely consumedby burning. Root
matsprotectthesoil from erosionby absorbingkinetic
energyof rainfall andby acting as a spongeto allow
water to seep into the soil gradually (Wilde 1971).
They also hold moistureon the site by acting as a
mulch (Waldrop andothers 1989).

Little is known aboutthe factors that affect
root mat developmentor how to identify sitesin the
Piedmontwhereit is likely thick enoughto allow site
preparationburning (Waidrop and others, 1989).
Factors suchas aspect,slopeposition, soil physical
properties, time since disturbance, degree of
disturbance,andNegetationeo’~et may be ~mponant
factors in thedevelopmentof this necessaryresource.
This information would assist forest managersto
identify sites that are likely to have root mats of
sufficient depth to protect the soil from erosionand
thin areaswith high potentialfor erosion.

This study examinesthevariability of forest
floor characteristicsacross the Midlands Plateau
Regionof thePiedmontProvincein SouthCarolina.
The specific objectives were to determine the
relationshipof root mat thicknessto sitetypes and to
time sincedisturbance,or seralstage.

Methods

A modelof ecosystemunits for thePiedmont
Provinceof South Carolina (Jones 1989) using the
LandscapeEcosystemClassification (LEC) concept
was usedas a tool to define site types. This model
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describessiteunits acrossamoisturegradientby: 1)
landscapeposition(slopepositionandaspect),2)soil
information (depth to clay and percentclay in the
inhibiting layer), and 3) presenceof indicator plant
species.Themodel includesfive siteunitsthatrange
from thexeric siteunit foundon uplandslopeswith
shallow soils to themesic site unit foundon lower,
protectedslopeswith deepsoils.

For this study, a subset of stands was
sampledfromthoseoftheoriginalstudy (Jones1988).
Sampledstandsincludedthoseof thexeric, sub-xeric,
and intermediatesiteunits (mesicandsubmesicwere
excluded) which were in one of three successional
stages:earlysuccessionalpine,mid-successionaloaks,
or old-growthmixedhardwoods. Threestandswere
sampled from each site unit-successionalstage
combination. All standswerein theMidlandsPlateau
Regionof thePiedmontProvincein South Carolina.
Theearlyandmid-successionalstandswerearound50
yearsold andtheold-growthhardwoodswerearound
150 yearsold. Old-growthstandswerechosenthat
were clearly within a specific landscapeunit as
interpreted by Jones (1988) from DECORANA
ordination (Hill 1979). Early and mid-successional
standswerechosenby comparingindividualstanddata
to ensure the plot met the soil, landform, and
vegetationrequirementsfor a specificunit.

Samplingoccurredwithin thesame33 x 131
ft (10 x 40 m) plot that was establishedfor theLEG
study. Starting at a randompoint within eachplot,
and using a 5-by4 grid, twenty sub-plots were
sampledat 13 ft (4 m) intervals. Eachsub-plotwas
located at least 3.3 ft (1 m) from treesover 4.5 in
(11.4cm) dbh to eliminatelargewoodyrootsfrom the
study. This factor occasionally resulted in a
non-randomstartingpoint.

At eachsub-plot, thethicknessesof thelitter
layer (L layer) and root mat (F andH layers)were
measuredat twenty systematicpointsusing a 5 by 4
grid samplingframe(Ball 1992). Meansoflitter and
root mat thickness for eachstand were testedfor
significant differences across a spatial-temporal
interaction gradientthroughGeneralLinear Models
Procedure(GLMP) andDuncan’sMultiple Rangetest.
Thestudyuseda3 by 3 factorialarrangement(3 site
unitsby 3 successionalstages)ofacompletelyrandom
design. Differenceswereconsideredsignificantatthe
0.05level.

Results

There was little variation in litter layer
thicknessacrosssite units and successionalstages,
rangingfrom 0.7 in. on sub-xericsiteunits to 1.1 in.
in early-successionalstandson xeric site units (Fig.
1). On xeric andintermediatesiteunits, therewas a
generaltrendfor the litter layerto becomethinnerin
thelatersuccessionalstages. However,therewereno
significantdifferencesbetweensuccessionalstagesfor
all site units combinedor within the sub-xeric and
intermediatesiteunits. On xeric siteunits, thelitter
layer was significantly thicker in early successional
stands(1.1 in.) thanin mid-successional(0.9 in.) or
old-growthstands(0.8 in.).

When successionalstages were combined,
litter thicknesswassignificantly greateron xeric (0.9
in.) and intermediate(0.9 in.) siteunits thanon sub-
xeric units (0.7 in.). Even though this patternwas
mostpronouncedin early-successionalstands,
it wassignificantoniy in mid-successionaloakstands.
There, litter thicknesswas 0.7 in. on sub-xericsite
units and0.9 in. on xeric andintermediatesiteunits.

Root mats were much thinner in this study
thanpreviouslymeasuredon mountainsites. Onthese
Piedmontsites,rootmatsrangedfrom 0.6 in. thick in
mid-successionalstandson intermediatesiteunits to

1.2 in. thick in earlysuccessionalstandson xericsite
units (Fig. 2). Therewasno clearpatternofroot mat
developmentacrossthe successionalgradient. On
xeric and intermediatesiteunits, root mats tendedto
be thicker in early-successionalpine standsthan in
either type of hardwoodstand while the opposite
pattern was observed on sub-xeric site units.
However,noneofthesedifferenceswassignificant.

With successionalstagescombined,therewere
no significant differences in root mat thickness
betweensite units. However, there was a strong
patternwithin thetwo typesofhardwoodstands(mid-
successionaloaksandold-growthmixed hardwoods).
In thesestands,theroot mat wassignificantly thinner
on intermediatesiteunits thanon xeric andsub-xeric
site units. The thickest root mat occurredon sub-
xeric sites. This pattern agrees with McCollum
(1992) who found above- and below-ground root
developmentto begreateron sub-xericthanon xeric
and intermediatesiteunits.
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Figure 2. Rootmat thicknessby sitewrits andsuccessionalstagesacrosstheSouthCarolinaPiedmont.

Discussion

An early assumptionin designingthis study
wasthat theamountoftimesincea majordisturbance
would have an impact on the developmentof the
forest floor, particularlyon the thicknessof theroot
matlayer. However,thesuccessionalgradientchosen
for this studyfailed to showaclearpattern. The litter

layertendedto becomethinnerover time on two of
threesite units (Fig. 1), which may be due to the
increasedhardwoodcompositionand the associated
increase in decompositionrates. However, this
patterndid nothold for rootmats,which tendedto be
thicker in early-successionalpinestandsbut showed
no differencebetweenthemid-successionaloaksand
theold-growthmixed hardwoods.
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Arp andKrause(1984)foundthat forestfloor
characteristicssuchasoven-driedmassper unit area,
depth,moisturecontentandseveralchemicalattributes
variedwidely over a stand. Theyrecommendedthat
10% of a sitebe sampledto obtain 95% confidence.
This study covered only about 1% of each stand,
which may have masked differences between
successionalstages.

A somewhatmoremeaningfulpatternofforest
floor development occurred across site units,
particularly if the two hardwoodsuccessionalstages
areconsideredseparatelyfrom theearly-successional
pine. The dry, xeric site units and the moist,
intermediatesiteunits typically hadthick litter layers
and thin root mat layers. Sub-xericsiteunits, which
are moremoist thanxeric anddrier thanintermediate
siteunits, werecharacterizedby thin litter layersand
thick root mat layers.

Thesepatternsmay bedueto a combinationof
site quality and decompositionrates. Litter layers
may be thicker on intermediatesite units because
more litter is producedon the higher-qualitysites.
Although xeric site units likely have less litter
production, limited moisture would reduce the
abundance of decomposing fungi and micro-
arthropods. Sub-xeric site units likely have lower
litter deposition than intermediate site units and
greaterdecompositionthanxeric siteunits.

McCollum (1992) suggested that root
development,andthus rootmat thickness,wasrelated
to themoisturegradientacrosssiteunits. On xeric
siteunits, rootgrowth and survival is likely low due
to limited moistureavailability. Root growth
is low on intermediatesite units becauseof higher
moisture availability. On sub-xeric site units,
moistureavailability may be low enoughto demand
increasedroot developmentbut high enoughto allow
rootsurvival.

Conclusions

Regardlessof the time sincedisturbance,site
unit, or speciescomposition(pinevs. hardwood),the
root mat of South Carolina Piedmont forests was
much thinner than in the mountainareaswhere the
fell-and-burn techniquehas been successful. This
pattern suggeststhat the prescriptionsusedfor site
preparationburningusedin theSouthernAppalachians
shouldbealteredto adaptto thethin conditionsofthe
Piedmont. Future studiesshould examinethe root
componentof root mats to determineif they have
sufficient soil holding capacitiesto preventerosion

after a fire. Also, researchis neededto develo
guidelinesfor fire prescriptionsfor eachsiteunit.

Due to the inherent variability of soil
patternsof forest floor developmentobservedin th
study producedfew differencesthat werestatistical
significant. Therefore, definitive guidelines fi
identifying stands with root mats thick enough
protectfrom burningcannotbe stated. However,si
units appearedto more important than succession
stages. Standson sub-xericsiteunitshadthicker ro
matsthanthoseon xeric and intermediatesiteunil
Explanationsfor this patternare mostly speculati’
but they indicatethe needfor a betterunderstandi~
of forest floor developmentprocessesbetweens~
units. Futurestudiesshouldfocuson the relationsli
of moisture to the balance of root growth, ro
survival,decomposition,andlitter productionon ea
siteunit.
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